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(54) Anaesthetic system 

(57) An anaesthetic system (2), mainly intended for 
a closed breathing circuit, is described. The anaesthetic 
system comprises an inspiratory line (6), an expiratory 
line (8) and a connecting line (10) which forms a closed 
gas line system with the inspiratory line (6) and the 
expiratory line (8). A first check valve (14) and a second 
check valve (34) are arranged in the connecting line 
(10) to control the direction of gas flow in the gas line 
system. A first gas reservoir (19) and a second gas res- 
ervoir (25) are also connected to the connecting line 
(10). The gas reservoirs (19, 25) are functionally inter- 
connected so an increase in the volume of one results in 
a corresponding reduction in the volume of the other 
and vice-versa. The changes in volume are actively 
controlled by a control system (20, 22). During inspira- 
tion, respiratory gas is carried to the patient (4) from a 
hand ventilator (40) at the same time as respiratory gas 
is carried from the first gas reservoir (19) to the second 
gas reservoir (25). During expiration, respiratory gas is 
carried from the patient (4) to the first gas reservoir (1 9), 
and respiratory gas from the second gas reservoir (25) 
is carried to the hand ventilator (40) with a flow of fresh 
gas from a source of fresh gas (36). All flows are regu- 
lated to make them identical. 
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Description 

The present invention relates to an anaesthetic sys- 
tem according to the preamble to claim 1 . 

GB-A-2 062 475 describes an anaesthetic system 5 
of this kind. The known anaesthetic system comprises 
an inspiratory line for carrying respiratory gas to the 
patient and an expiratory line for carrying respiratory 
gas away from the patient. A bellows capable of 
increasing or decreasing its volume, depending on 10 
whether inspiration or expiration is involved, is con- 
nected to them. During inspiration, the bellows is pneu- 
matically compressed, so respiratory gas flows out of 
the bellows, through the inspiratory line to the patient. A 
first check valve is located in the inspiratory line near the 15 
patient, and a second check valve is located in the 
expiratory line. The check valves control the direction of 
respiratory gas flow, so it does not flow in the wrong 
direction. In expiration, the pneumatic pressure is dis- 
connected and the bellows is allowed to expand, where- 20 
upon respiratory gas flows from the patient, through the 
expiratory line, back to the bellows. 

Since the same respiratory gas is re-used, a plural- 
ity of times in the known anaesthetic system, a carbon 
dioxide absorber is arranged in the inspiratory line to 25 
remove carbon dioxide from respiratory gas during the 
inspiratory phase. A source of fresh gas is also con- 
nected to the inspiratory line. This supplies fresh respi- 
ratory gas to the line system (the inspiratory and 
expiratory lines) to replace respiratory gas which has 30 
been absorbed by the patient, absorbed by the carbon 
dioxide absorber or leaked out of the system. In general, 
a continuous flow of fresh respiratory gas is supplied 
with the same composition strived for respiratory gas in 
the line system. In other words, the gases consumed 35 
and the extent to which they are consumed are not 
taken into account. This is because of the difficulty in 
accurately and simply determining the uptake of oxy- 
gen, nitrous oxide and anaesthetic gas in the patient, 
carbon dioxide in the carbon dioxide absorber and leak- 40 
age. (Leakage is especially hard to determine, since dif- 
ferent gases display differing tendencies to leak out of 
the system. This is partly due to the prevailing partial 
pressures of the gas components on the input and out- 
put sides of the system respectively. In extreme 45 
instances, gas can also leak into the system from the 
outside, especially N 2 which has a high partial pressure 
in the atmosphere.) 

The known anaesthetic system's operating mode is 
often referred to as a "closed system". This because of 50 
its re-use of respiratory gas. Since anaesthetic gases 
are generally very expensive, an anaesthetic system 
displaying a low consumption of anaesthetic gas is eco- 
nomically far more advantageous than "open systems", 
in which no respiratory gas is re-used, or "semi-closed 55 
systems" which re-use a large or small part of the respi- 
ratory gas. 

However, prior art closed anaesthetic systems are 
not completely closed, in the literal sense. As already 



noted, fresh respiratory gas is supplied to the known 
anaesthetic system in a continuous flow. At the same 
time, a relatively low positive pressure is strived for in 
the line system, since the patient usually has healthy 
lungs with high compliance. So a pop-off valve is con- 
nected to the expiratory line to open and bleed off sur- 
plus gas from the line system, even at relatively low 
positive pressures in the line system. Since the supply 
of fresh respiratory gas usually exceeds the system's 
consumption of gas, respiratory gas is released through 
the pop-off valve in every respiratory cycle. As a result, 
there is a not inconsiderable loss of gas. 

Another disadvantage of this type of anaesthetic 
systems is that the check valves and carbon dioxide 
absorber constitute impediments in the flow paths, 
therefore posing major resistance to the patient's expi- 
ration. (Some systems also include a humidifier, espe- 
cially open and semi-closed anaesthetic systems 
whose gas consumption is high right from the begin- 
ning.) When the patient breathes spontaneously, these 
components also serve as inspiratory impediments for 
the patient, impediments which must be overcome 
every time the patient inhales. Another problem caused 
by these components is the fact that the distance from 
the patient to the equipment increases. This means that 
longer lines are needed for connecting the anaesthesia 
system to the patient. This contributes to increased 
resistance and an increase in the line system's com- 
pressible volume. All told, these problems result in a 
poor response time for the system. 

The known anaesthesia system can also be 
switched to manual ventilation of the patient by means 
of a hand ventilator. The same problems found in 
mechanical ventilation are found in manual ventilation. 
In manual ventilation, the physician is also anxious to 
feel the response of the patient's lungs through the hand 
ventilator, which usually consists of a soft, bellows-like 
bag. This is naturally harder to achieve because of all 
the components between the patient and the bag. 

Both mechanical and manual ventilation of the 
patients occurs in open, semi-closed and closed anaes- 
thesia systems. The physician often wishes to switch 
between different modes, depending on the situation 
(the type of patient, the time in the treatment etc.). In 
systems devised to permit simple switching from e.g. a 
closed mechanical operating mode to an open manual 
operating mode, all the components, such as check 
valves, are still retained, and the problems noted above 
for closed system also apply, in general, to other operat- 
ing modes. 

Another problem which has occurred in conjunction 
with the introduction of newer anaesthetics, sevof lurane 
in particular, is that they cannot be used with normal 
carbon dioxide absorbers. This is because soda lime is 
usually employed to absorb carbon dioxide, and the 
anaesthetic (sevoflurane) is decomposed by soda lime. 

However, most of the above problems and disad- 
vantages encountered in manual ventilation with fully 
open systems are completely avoided with the ventila- 
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tion system described in SE-C-470 417. In this known 
ventilator system, a flow meter is arranged by the hand 
ventilator. During inspiration, gas is fed to the patient by 
manual squeezing of the hand ventilator bellows. The 
system being open, there is no need for check valves, 5 
so the physician always maintains complete control over 
the response of the lungs to bellows compression 
throughout inspiration. In exspiration, an advanced con- 
trol method is employed in which fresh gas is fed into 
the hand ventilation bellows at a rate equivalent to the 
patient's expired gas flow and gas expired by the patient 
is evacuated from the system. This enables the physi- 
cian to feel the response of and behaviour of the lungs 
even during expiration, even though the patient is not 
actually expiring into the hand ventilator. Control can 
also be based on measurements of pressure or flow, 
closer to the patient. 

The described open ventilator system is suitable for 
all forms of manual patient ventilation and can also be 
used with e.g. sevoflurane, which must still be used in 
open systems, although with a relatively heavy con- 
sumption of sevoflurane. However, the known ventilator 
system is not adapted to nor devised for closed system, 
the systems most often used for narcosis. 

One object of the present invention is to achieve an 
anaesthetic system according to the above which 
comes to terms with the problems posed by the known 
closed anaesthetic systems and which can be used, in 
a simple manner, even for other operating modes. 

This object is achieved in accordance with the 
invention in that the anaesthetic system is devised as 
disclosed in the characterizing portion to claim 1 . 

Improvements of the anaesthetic system in accord- 
ance with the invention are set forth in the dependent 
claims to claim 1. 

The idea of the invention can, in principle, be 
described as follows: The volume of the gas reservoir is 
actively controlled throughout the entire breathing cycle. 
This control is based on a reference value which shall 
be the target. The reference value can be a variable or 
a measurement value in some other part of the line sys- 
tem. In principle, the patient only needs to overcome the 
minimal resistance posed by the gas lines themselves. 
In addition, these lines can be made much shorter than 
in the known systems, since they do not need to incor- 
porate any components. 

In one advantageous embodiment of the anaes- 
thetic system, the system is devised as a triangle in 
which the inspiratory and expiratory lines, which do not 
house any components, constitute two legs of the trian- 
gle and a connecting line between the inspiratory line 
and the expiratory line serves as the third leg. The gas 
reservoir and other components installed to refine the 
system's operation, such as check valves, are located in 
the connecting line. Since the gas reservoir is con- 
nected to a control device which actively regulates the 
variable volume in both inspiration and expiration, the 
control devices takes over the flow resistance posed by 
check valves and other components. 



In another advantageous embodiment of the 
anaesthetic system according to the invention, a carbon 
dioxide absorber is arranged in the connecting line. The 
delivery of fresh respiratory gas is simultaneously con- 
trolled, so it is minimal, only corresponding to the actual 
consumption of gas by the patient and in the carbon 
dioxide absorber. This is feasible because of the control 
device's exact control of the gas reservoir's variations in 
volume. 

In a third advantageous embodiment of the anaes- 
thetic system according to the invention, an anaesthetic 
gas reflector is arranged in the connecting line. In prin- 
ciple, the anaesthetic gas reflector is a filter, which 
extracts anaesthetic gas from respiratory gas when the 
latter passes in one flow direction. When new respira- 
tory gas (with or without a considerably lower concen- 
tration of anaesthetic gas) is supplied from the other 
direction, the anaesthetic gas extracted by the filter is 
released into the new respiratory gas. In other words, 
only the anaesthetic gas in the respiratory gas is re- 
used and no other gases. The anaesthetic gas reflector 
and its function are described in detail in WO 88/07876 
and EP-A-455 049. 

As an alternative to check valves to guarantee the 
flow of direction, a fan can be arranged in the line sys- 
tem to force gas to flow in only one direction. One exam- 
ple of this use is described in EP-B-281 180. 

Embodiments of the anaesthetic system according 
to the invention will now be described, referring to the 
figures in which 

FIG. 1 shows a first embodiment of the anaesthetic 
system according to the invention at a first point in 
time in a breathing cycle; 

FIG. 2 shows the first embodiment at a second 
point in time in the breathing cycle; 
FIG. 3 shows a second embodiment of the anaes- 
thetic system, according to the invention, in a first 
operating mode; 

FIG. 4 shows the second embodiment in a second 
operating mode; and 

FIG. 5 shows a third embodiment of the anaesthetic 
system according to the invention. 

The first embodiment of the anaesthetic system 
according to the invention is described in FIGS. 1 and 2 
and is generally designated 2. The anaesthetic system 
2 is connected to a patient 4 and comprises a respira- 
tory gas circulation system consisting of an inspiratory 
line 6, an expiratory line 8 and a connecting line 10. A 
carbon dioxide absorber 12 and a first check valve 14 
are arranged in the connecting line 10. The first check 
valve 14 is arranged so only respiratory gas from the 
expiratory line 8 is able to pass. The connecting line 10 
is also connected, via a gas connector 1 6, to the interior 
of a bellows 18. The interior space serves as a first gas 
reservoir 19. The bellows 18 is mechanically connected 
to a control rod 20 operated by a servo-motor 22. The 
volume of the bellows 1 8 (the volume of the first gas res- 
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ervoir 19) can thereby be regulated very rapidly and 
accurately. The bellows 18 is enclosed in a rigid con- 
tainer 24, so the space between the bellows 18 and the 
outer wall of the container 24 forms a second gas reser- 
voir 25. The second gas reservoir 25 can be connected 5 
to the connecting line 10 via a first switching valve 26 
and a connection line 28. The first switching valve 26 
can also be set so the second gas reservoir is con- 
nected to a drive gas bellows 32 via a drive gas line 30. 

A second check valve 34 is arranged between the 
gas connector 16 and the connection line 28, so respi- 
ratory gas is only able to flow towards the inspiratory 
line 6. A ventilator device 36 is also connected to the 
connecting line 10, downstream from the second check 
valve 34. The ventilator device 36 also includes inter alia 
a fresh gas source containing fresh respiratory gas and 
a control unit which controls and monitors all functions 
in the anaesthetic system 2. The flow of fresh respira- 
tory gas can be regulated with great accuracy via a flow 
valve 38. 

A hand ventilator 40 can also be connected to the 
connecting line 10 or to the inspiratory line 6. The hand 
ventilator 40 can be selectively connected, via a second 
switching valve 42, to or disconnected from the anaes- 
thetic system 2. When the hand ventilator 40 is con- 
nected, passing respiratory gas flow is measured in a 
flow meter 44. 

Finally, an outlet valve 46 is arranged in an evacua- 
tion line 48 in the anaesthetic system 2. Gas can be 
quickly evacuated from the line system via the outlet 
valve 46, e.g. in conjunction with waking up the patient 
4 from the narcosis. The outlet valve 46 can also be 
devised for other functions, which are described below. 
The evacuation line 48 can be connected to some form 
of fixed or mobile gas evacuation system found in hospi- 
tals. 

The anaesthetic system 2 can operate according to 
a plurality of different respiratory system principles, 
including open, semi-closed and closed. The anaes- 
thetic system 2 can also be optionally operated manu- 
ally or mechanically. The anaesthetic system 2, set up 
as a closed system, will be described in the following. 
FIG. 1 shows the closed system at the onset of an inspi- 
ration, and FIG. 2 shows the system at the onset of an 
expiration. 

The closed system will first be described for manual 
ventilation of a patient, i.e. when a physician supplies 
the patient 4 with respiratory gas by squeezing a hand 
ventilator 40. In this operating mode, the first switching 
valve 26 is set so the second gas reservoir 25 is con- 
nected to the connecting line 10 via the connection line 
28, the second switching valve 42 is set so the connec- 
tion between the hand ventilator 40 and the connecting 
line 10 is open and the outlet valve 46 is closed. 

When the physician squeezes the hand ventilator 
40, respiratory gas flows out of the bag, through the 
inspiratory line 6 and on to the patient 4. At the same 
time, the servo-motor 22 controls the control rod 20 so 
the bellows 18 is compressed to a degree directly 



related to the flow value measured by the flow meter 44. 
Control is exercised so the volume of the first gas reser- 
voir 1 9 declines to the same extent as the volume of the 
hand ventilator 40 declines when respiratory gas is sup- 
plied to the patient 4, i.e. with the same flow. Gas in the 
first gas reservoir 19 then flows into the connecting line 
10 and passes the second check valve 34, subse- 
quently flowing up through the connection line 28, past 
the first switching valve 26 and down into the second 
gas reservoir 25. The flow of respiratory gas from the 
first gas reservoir 19 to the second gas reservoir 25 
takes place without in any way affecting gas flowing 
from the hand ventilator 40 to the patient 4. The same 
amount of gas flows from the interior (the first gas reser- 
voir 19) of the bellows 18 as flows to its outlet side (the 
second gas reservoir 25), i.e. the bellows 18 can be 
regarded as a short-circuited loop for bellows flow, and 
no gas flows out of or into this loop. 

At the end of inspiration, a volume of respiratory 
gas, corresponding to the tidal volume supplied to the 
patient 4, has accordingly been transferred from the first 
gas reservoir 19 to the second gas reservoir 25. 

When expiration commences, i.e. when the physi- 
cian releases the hand ventilator 40 (slowly or rapidly), 
respiratory gas will flow from the patient 4, through the 
expiratory line 8 and connecting line 10 to the bellows 
18. Here, the respiratory gas passes the carbon dioxide 
absorber 12. The flow passing the hand ventilator 40 
can be regarded as a flow for controlling the patient's 4 
expiration. This control flow controls the position of the 
bellows 18 by means of the control rod 20 and servo- 
motor 22 so the volume of the first gas reservoir 19 
increases at the same rate as respiratory gas flows out 
of the patient 4. This control can be exercised in any of 
the ways described in the cited document SE-C-470 
417. When the change in the volume of the bellows 18 
is actively controlled in this manner, the flow resistance 
posed by the carbon dioxide absorber 12 and the first 
check valve 1 4 will be overcome by the action of the bel- 
lows 18. For the patient 4, this means that she/he can 
exhale virtually without encountering any resistance in 
the line system, and the physician's declining pressure 
on the hand ventilator 40 is the only thing capable of 
impeding the patient's 4 expiration. 

At the same time, respiratory gas from the second 
gas reservoir 25 is sent, via the connection line 28 and 
the connecting line 10, to the hand ventilator 40. Since 
hand ventilator flow is the guiding flow for the bellows 
1 8, flow into the absorber 1 2 must be somewhat greater 
than flow leaving the absorber 12 because of the 
absorption of carbon dioxide. This reduces the amount 
of gas in the system. However, in conjunction with this 
transfer of respiratory gas, a small amount of fresh res- 
piratory gas is added, via the flow valve 38 and the ven- 
tilator device 36. This small amount of fresh respiratory 
gas compensates for the volume of gas absorbed in the 
carbon dioxide absorber 12. During the expiratory 
phase, the physician is in a good position to feel the 
patient's 4 breathing efforts and can therefore more 
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easily assess the depth of the patient's 4 anaesthesia. 

The additional fresh respiratory gas is fed directly to 
the hand ventilator 40, in which it is mixed with re-used 
respiratory gas from the gas reservoir 25, and most of it 
ends up in the hand ventilator 40. The additional volume 
of gas supplied as fresh gas flows on in the form of a 
bypass flow, via the inspiratory line 6, the expiratory line 
8 and on into the absorber 12. The amount of fresh gas 
needed to sustain the system's gas volume can be con- 
trolled when fresh gas is dispensed in such a way that a 
given pressure is maintained in the system. One aid for 
controlling the flow of fresh gas can be obtained with the 
aid of expiratory flow plus an estimated C0 2 concentra- 
tion in expired air, or by measuring the patient's 4 C0 2 
production. This control can utilise the flow signal from 
the flow meter 44, a pressure signal from a pressure 
sensor 45 arranged in the system and a measurement 
signal from a C0 2 analyser 47 which can be connected 
to the expiratory line 8. Additional pressure and flow 
sensors can be arranged as redundant sensors for 
safety's sake or for monitoring. Only the fresh gas 
required to compensate for consumption in the system 
will accordingly be supplied. 

Concentrations of the other relevant gas compo- 
nents can be measured during inspiration and expira- 
tion in measurement devices (not shown in the figure) 
for that purpose, and consumption of the respective gas 
can be calculated from the difference in gas concentra- 
tion between inspiration and expiration. This can also be 
utilised for determining the composition of the fresh res- 
piratory gas which is to be supplied. However, a plurality 
of fast gas meters is needed for this procedure to work 
properly. No such array of meters is necessary for the 
anaesthetic system 2 according to the invention to work. 
In the same way set forth in the cited document SE-C- 
470 41 7, the physician will not be able to feel any differ- 
ence whatever, compared to the situation in which the 
patient 4 expires straight into the hand ventilator 40. 

The anaesthetic can be supplied in virtually every 
known manner, both as a gas and a liquid, with fresh 
gas or separately. Any measurement of the anaes- 
thetic's concentration can be performed at any desired 
point in the system. 

Since the entire flow cycle in the anaesthetic sys- 
tem 2 is regulated by a servo-system with extreme 
accuracy, system pressure can be kept on a constantly 
low level, so no gas needs to be released from the sys- 
tem. The outlet valve 46 can therefore be completely 
closed in this operating mode. In other words, a practi- 
cally closed system is achieved. The anaesthetic sys- 
tem 2 is also very compact and can be located close to 
the patient 4, conveying advantages for the physician 
monitoring the patient 4. The patient 4 will easily be able 
to breathe spontaneously whenever this is possible, 
since there is virtually no resistance to breathing in the 
system. The patient's 4 spontaneous breathing will then 
be apparent on the hand ventilator 40. However, the 
outlet valve 46 can be designed to be adjustable in 
order to achieve the greatest degree of patient safety. 



Pressure in the system can be regulated almost exactly 
according to measurements of system pressure by the 
pressure sensor 45. 

As already noted, the anaesthetic system 2 can 

5 also operate with other respiratory modes. For example, 
the switching valve 42 can be closed and the switching 
valve 26 can be set so the connection between the sec- 
ond gas reservoir 25 and the first gas reservoir 19 
opens. Conventional mechanical ventilation of the 

10 patient can be performed in this manner. But an impor- 
tant difference, compared to previous closed, mechani- 
cal systems is that the control rod 20 and servo-motor 
22 still control flow to and from the patient. This can be 
performed according to some appropriate reference 

is value programmed by the physician. The reference 
value for the inspiration phase and expiration phase 
could e.g. be calculated from a desired tidal volume and 
inspiration time and expiration time respectively. A sec- 
ond flow meter, or pressure meter in this instance, is 

20 arranged in the line system to measure current values. 
For the sake of simplicity, these meters are not stated in 
the figure, since the cited document SE-C-470 417 
clearly and exhaustively describe the way meters can 
be placed in an open line system in order to achieve the 

25 desired reference values. The corresponding meter 
locations are possible with all the system versions 
described in this application. Other options are to base 
the reference value on respiratory volume and/or esti- 
mated/measured C0 2 output and/or positive pressure 

30 in the system. These versions also apply to all the 
embodiments in this application. 

Gas in the second gas reservoir 25 will be alter- 
nately transferred back and forth between the second 
reservoir 25 and the drive gas bellows 32 (which can be 

35 completely excluded in this position; one opening to 
ambient air is sufficient). Gas consumption can accord- 
ingly be kept to a minimal level, even during purely 
mechanical ventilation in a closed system. In this oper- 
ating mode, the anaesthetic system 2 is even able to 

40 operate in an emergency mode if power to or the anaes- 
thetic system 2 itself should fail. The drive gas bellows 
32 can then be squeezed manually to compress, 
through the transmission of pressure via a drive gas, the 
first bellows 18 and, accordingly force respiratory gas 

45 through the connecting line 1 0 and the inspiratory line 6 
to the patient 4. Instead of manual compression in the 
latter operating mode, mechanical (motorised or pneu- 
matic) compression of the drive gas bellows 32 can be 
used instead. In the latter instance, the anaesthetic sys- 

so tern 2 works exactly like previously known closed sys- 
tems, and an increased flow of fresh respiratory gas 
must be supplied via the ventilator unit 36, and the out- 
let valve 46 must be activated as an excess pressure 
valve (with the same function as a pop-off valve). 

55 The anaesthetic system 2 can also be set for other 
operating modes. For example, the outlet valve 46 can 
be opened completely, and control of the first bellows 1 8 
can be blocked completely, an open system being 
achieved in which fresh gas is supplied to the patient 4 
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through the inspiratory line 6 from the ventilator unit 36 
and expiration is via the expiratory line 8 straight to the 
evacuation line 48. All respiration is then completely 
controlled by the ventilator unit 36. If, in this situation, 
the user elects to connect the hand ventilator 40, by 
resetting the second switching valve 42, a function iden- 
tical to the one described in SE-C-470 417 becomes 
available. The open system is suitable when anaes- 
thetic is to be flushed out of the system. 

The described anaesthetic system 2 can therefore 
be set in a simple fashion for all kinds of operating 
modes, at the same time as highly accurate regulation 
of the supply of respiratory gas to the patient 4 is 
achieved in most of these modes. In particular, com- 
pletely closed systems are achieved with a minimum of 
gas consumption. If the system, for any reason, needs a 
larger volume of gas exchange, the outlet valve 46, as 
already noted, can suitably be devised so it can be reg- 
ulated. Pressures and flows at specific points in the sys- 
tem can then be sustained with a minimum of leakage. 
The anaesthetic system 2 can also be devised so the 
switching between different operating modes is manual 
or automatic. One example of automatic switching is 
when the system is operating in the mechanical ventila- 
tion mode and the physician squeezes the hand ventila- 
tor 40. The system then automatically switches to 
manual ventilation. This is simply achieved when a 
pressure meter is arranged in the hand ventilator 40. 
When the pressure increase in the hand ventilator 40 is 
big enough, the control unit sends a re-switching signal 
to the switching valves 26 and 42. 

FIGS. 3 and 4 show a second embodiment of the 
anaesthetic system according to the invention. The sec- 
ond embodiment is designated 50. The anaesthetic sys- 
tem 50 is connected to a patient 52. The anaesthetic 
system 50 consists of an inspiratory line 54, an expira- 
tory line 56 and a connecting line 58. A first check valve 
60, a second check valve 62 and a third check valve 64 
are arranged in the connecting line 58 so gas can only 
flow in one direction, i.e. from the expiratory line 56, 
through the connecting line 58 to the inspiratory line 54. 

The connecting line 58 is connected to a bellows 66 
whose interior space forms a first gas reservoir 67. As 
shown in FIG. 4, the bellows 66 can also be discon- 
nected from the connection to the connecting line 58 by 
means of a first reset valve 68. The function and pur- 
pose of this will be apparent from the description below. 
The bellows 66 is located in a container 70, and the 
space between the bellows 66 and the outer wall of the 
container 70 can serve as a second gas reservoir 71 in 
certain operating positions for the anaesthetic system 
50. The second gas reservoir 71 is then connected to 
the connecting line 58 via a connection line 72. Like the 
bellows 66, the connection line 72 can be optionally 
connected to or disconnected from the second gas res- 
ervoir 71 via a second reset valve 74. 

An anaesthetic gas reflector 76 is arranged in the 
connection line 72. Its function will be apparent from the 
description below. An open connection to ambient air 



can be achieved, via an outlet valve 78, for the connec- 
tion line 72. Fresh respiratory gas can be supplied to the 
system through a fresh gas line 80 from a ventilator unit 
82. The ventilator unit 82 contains inter alia a source of 

5 fresh gas and a control unit for controlling the entire 
anaesthetic system 50. A hand ventilator 84 can be con- 
nected to the connecting line 58 and the inspiratory line 
54 but, as in the previous embodiment, it can also be 
disconnected from the rest of the system by means of a 

to third reset valve 86 (only shown in FIG. 4). In conjunc- 
tion with the hand ventilator 84, a flow meter 88 is also 
arranged to measure the flow of gas to or from the hand 
ventilator 84, when the latter is connected to the line 
system. 

15 As in the previous embodiment, a control rod 90 is 
mechanically connected to the bellows 66 to regulate 
the position of the bellows 66 and, accordingly, the vol- 
ume inside (the first gas reservoir 67) and outside the 
bellows 66 (the second gas reservoir 71). The control 

20 rod 90 is rapidly and precisely regulated by a servo- 
motor 92. As FIGS. 3 and 4 show, the anaesthetic sys- 
tem 50 also comprises a first outlet line 94 and a second 
outlet line 96 which can be connected to the first and 
second gas reservoirs 67, 71 in the bellows 66 and con- 

25 tainer 70 respectively. 

FIG. 3 shows the anaesthetic system 50 set up for 
manual ventilation with the hand ventilator 84. This is 
accomplished when the physician squeezes the hand 
ventilator 84, thereby forcing respiratory gas down 

30 through the inspiratory line 54 to the patient 52. At the 
same time, the servo-motor 92 regulates the control rod 
90 so the bellows 66 is compressed at a rate equivalent 
to the flow of respiratory gas to the patient 52. The res- 
piratory gas present inside the bellows is then forced 

35 into the connecting line 58 and on to the second check 
valve 62 in which gas is forced through the connection 
line 72 to the outlet valve 78 which is open in this situa- 
tion, and respiratory gas is released into ambient air. 
Since the gas flows past the anaesthetic gas reflector 

40 76 during its passage, any anaesthetic gas in the respi- 
ratory gas is adsorbed by the anaesthetic gas reflector 
76. 

When the inspiratory phase ends and the physician 
releases her/his grip on the hand ventilator 84, expira- 

45 tion commences, and respiratory gas then flows from 
the patient 52, through the expiratory line 56 to the con- 
necting line 58. Respiratory gas then passes the first 
check valve 60 and is drawn into the bellows 66 which, 
at this stage, is regulated by the control rod 90 and 

so servo-motor 92 so the volume in the first gas reservoir 
67 increases at a rate corresponding to hand ventilator 
flow and, accordingly, the patient's expiratory flow. At 
the same time as the bellows 66 fills with expired respi- 
ratory gas from the patient 52, fresh breathing (with or 

55 without a fraction of the desired concentration of anaes- 
thetic gas) is supplied from the ventilator unit 82, via the 
fresh gas line 80 and the connection line 72 to the con- 
necting line 58. Respiratory gas continues on to the 
anaesthetic gas reflector 76 in the opposite direction, 



6 



11 



EP 0 769 304 A1 



12 



and anaesthetic gas previously adsorbed by the reflec- 
tor 76 is then desorbed and picked up by the respiratory 
gas. This new respiratory gas then passes the third 
check valve 64 to fill the hand ventilator 84. This takes 
place with exactly the same flow as the flow exhaled by 5 
the patient 52, and the physician will not notice any dif- 
ference whatever compared to the situation in which the 
patient 52 exhales straight into the hand ventilator 84. 
Throughout the breathing cycle, the second gas reser- 
voir 71 is openly connected to ambient air via the outlet 
line 94, so air will be drawn into or forced out of the line 
respectively, depending on whether the breathing cycle 
is in an inspiratory phase or an expiratory phase. The 
concentration of anaesthetic can be checked with an 
appropriately situated anaesthetic gas analyser (not 
shown in the FIG.). 

FIG. 4 shows a second operating mode for the 
anaesthetic system 50. At this stage, the first reset valve 
68 is set so the first gas reservoir 67 is instead in direct 
connection with ambient air via the second outlet line 
96, the second reset valve 74 having been placed so the 
second gas reservoir 71 is in direct connection with the 
connection line 72 and the third reset valve 86 having 
closed the connection between the connecting line 58 
and the hand ventilator 84. This operating mode corre- 
sponds to mechanical ventilation. In the same way as in 
mechanical ventilation with the first embodiment, a ref- 
erence value is set for flow or pressure, and the current 
measurement value is measured by meters (not 
shown). 

During inspiration in this operating mode, fresh res- 
piratory gas flows out of the ventilator unit 82, through 
the fresh gas line 80 and anaesthetic gas reflector 76, to 
the inspiratory line 54 and the patient 52. Here, anaes- 
thetic gas in the anaesthetic gas reflector 76 is picked 
up by the respiratory gas before the respiratory gas 
passes through the connecting line 58, the third check 
valve 64 and the inspiratory line 54 to the patient 52. At 
the same time as this gas flows to the patient 52, the 
servo-motor 92 regulates the control rod 90 so the bel- 
lows 66 expands and forces gas out of the second gas 
reservoir 71 to the connection line 72 and the output 
valve 78, which is open to ambient air during inspiration. 

When expiration is to start, the outlet valve 78 
closes, and the servo-motor 92 regulates the control rod 
90 so the bellows 66 compresses at a rate causing the 
increase in the volume of the second reservoir 71 to cor- 
respond to the flow of respiratory gas from the patient 
52. Here, the bellows 66 poses the resistance to flow 
which is caused by the check valves 60, 62, 64 and the 
anaesthetic gas reflector 76 in the first embodiment. So 
expired respiratory gas flows through the expiratory line 
56, the connecting line 58 (with the first check valve 60 
and the second check valve 62), the anaesthetic gas 
reflector 76 and on to the second gas reservoir 71 via 
the connector line 72. When expiration concludes, the 
next inspiration phase commences in the manner 
already described. 

Since no carbon dioxide absorber is required in the 



second embodiment, sevoflurane can be used to 
advantage in a completely closed system with the 
anaesthetic system 50. 

When the reset valves 68, 74, 86 are regulated in 
an appropriate manner during the respiratory cycle, the 
anaesthetic system 50 can also operate in other operat- 
ing modes. However, these modes are of limited interest 
for natural reasons, since the anaesthetic gas reflector 
76 conveys the system's biggest advantages when 
employed in one of the ways described above. 

In most of the above-described embodiments, at 
least one gas reservoir functions as a storage depot or 
intermediate storage depot in the anaesthetic system. 
In the latter instance (FIG. 3 and, in particular, FIG. 4), 
almost all respiratory gas in the gas reservoir is dis- 
charged into ambient air and not sent to the patient or 
hand ventilator. In the first embodiment, both gas reser- 
voirs serve as temporary gas depots, before the hand 
ventilator fills with respiratory gas. So the mechanically 
controlled bellows has a fundamentally different func- 
tion in most of the embodiments than a bellows in prior 
art anaesthetic systems. The bellows is only used in 
one embodiment (FIGS. 1 and 2 set up for mechanical 
ventilation) for regulating the patient's breathing. 

The check valves can be replaced with fans or other 
devices capable of regulating the direction of gas flow. 

Anaesthetic agents can be introduced anywhere in 
the circle system, i.e. into fresh gas from the ventilator, 
into the inspiratory line, into the expiratory line or into 
the connecting line. Anaesthetic can be introduced in 
the gaseous or liquid state. An anaesthetic analyser can 
be installed anywhere in the circle system, i.e. in the 
inspiratory line, the expiratory line or the connecting 
line, for monitoring and/or controlling the system's con- 
centration of anaesthetic gas. One or more redundant 
anaesthetic gas sensors can be connected to increase 
safety and/or reliability. 

Various detailed configurations stated in the above 
embodiments can be combined and switched between 
embodiments. The anaesthetic system can also be 
advantageously devised so switching between systems 
with an absorber and systems with a reflector is easily 
performed, e.g. with the aid of quick couplings, to permit 
the replacement of requisite components. FIG. 5 shows 
a sketch of the principles for an anaesthetic system 100 
in which minimum replacement of components is nec- 
essary for switching to systems with an absorber and 
systems with a reflector and vice-versa. The FIG. only 
shows the components of relevance to component 
replacement. 

The anaesthetic system 100 has an inspiratory line 
102, an expiratory line 104 and a connecting line 106. 
Three flow rectifiers 108, 110, 112 are arranged in the 
connecting line 106. The flow rectifiers 108, 110, 112 
can consist of fans which control the direction of respi- 
ratory gas flow through the lines 102, 104, 106 but can 
also consist of check valves or the equivalent. Combina- 
tions of different kinds of flow rectifiers 108, 110, 1 12 is 
also feasible. The flow rectifiers 108, 110, 112 can be 
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suitably activated in such a way that they only control 
the direction of flow when activated. When they are not 
activated, they do not impede gas flow in any direction. 
In this manner, the flow rectifiers 108, 1 10, 1 12 required 
in every special set-up of the anaesthetic system 100 
can be enabled when needed. 

A C0 2 absorber 1 14 can be connected to the con- 
necting line 106 with a quick coupling. A first bypass line 
116 runs parallel to the C0 2 absorber 114. The first 
bypass line 1 1 6 is closed off by a first blocking valve pair 
1 1 8 when the C0 2 absorber 1 1 4 is connected. When no 
C0 2 absorber 114 is connected, the first bypass line 
1 1 6 is open to gas flows, and the first blocking valve pair 
118 prevent gas from leaking out at the C0 2 absorber's 
114 connector part. 

In the corresponding manner, an anaesthetic gas 
reflector 120 can be hooked up to the anaesthetic sys- 
tem 1 00 by means of a quick coupling. A second bypass 
line 122 and a second blocking valve pair 124 have the 
same purpose as the first bypass line 116 and the first 
blocking valve pair 1 18. 

The quick connectors also make possible fast and 
safe replacement of the C0 2 absorber 114 or anaes- 
thetic gas reflector 120 during operation. 

In other respects, the anaesthetic system 100 com- 
prises a first switching valve 126 for connecting and dis- 
connecting the hand ventilator, a second switching 
valve 1 28 for switching between manual and mechani- 
cal ventilation and a third switching valve 130 for switch- 
ing between manual and mechanical ventilation when 
an anaesthetic gas reflector 120 is installed. 

There is also a first output valve 132, a second out- 
put valve 134, a source of fresh gas 136 and a bellows 
system 1 38. The function of these and operating modes 
possible with the anaesthetic system 100 are apparent 
from the previous embodiments. 

Claims 

1 . An anaesthetic system (2: 50) comprising an inspir- 
atory line (6; 54) for carrying a respiratory gas to a 
patient (4; 52), an expiratory line (8; 56) for carrying 
expired respiratory gas from the patient (4; 52) and 
a gas reservoir (19, 25, 67, 71) with a variable vol- 
ume which, during a respiratory cycle, is alternately 
filled and emptied of respiratory gas, characterized 
by a control device (20, 22; 90, 92), connected to 
the gas reservoir (19, 25; 67, 71), for actively regu- 
lating the volume of the gas reservoir (19, 25; 67, 
71), according to a reference value, throughout the 
entire breathing cycle. 

2. An anaesthetic system according to claim 1, char- 
acterized in that the gas reservoir (19, 25; 67, 71) 
is connected to a connecting line (10; 58) which 
interconnects the inspiratory line (6; 54) and expira- 
tory line (8; 56), a first means (14; 60), installed in 
the connecting line (19; 58) next to and upstream 
from the gas reservoir (19, 25; 67, 71), to control 



the direction of flow of a respiratory gas, a second 
means (34; 62), installed in the connecting line (10; 
58) next to and downstream from the gas reservoir 
(19, 25; 67, 71), to control the direction of flow of a 
5 respiratory gas and a source of fresh gas (36; 82), 

connected to the inspiratory line (6; 54) or the con- 
necting line (10; 58) downstream from the second 
means (34; 62), to supply fresh respiratory gas to 
the anaesthetic system. 

10 

3. An anaesthetic gas according to claim 2, charac- 
terized by a carbon dioxide filter (12) arranged in 
the connecting line (10), upstream from the gas res- 
ervoir (19), to absorb carbon dioxide in expired res- 

15 piratory gas, the control device (20, 22) regulating 
the source of fresh gas (36) so the supply of fresh 
respiratory gas corresponds to the amount of gas 
consumed by the patient (4), by the carbon dioxide 
filter (12) and any leakage. 

20 

4. An anaesthetic system according to claim 2 or 3, 
characterized by a hand ventilator (40) connected 
to the inspiratory line (6) downstream from the 
source of fresh gas (36; 82), respiratory gas then 

25 flowing from the hand ventilator (40) through the 
inspiratory line (6) to the patient (4) during inspira- 
tion, and a flow meter (44) arranged to measure the 
flow of respiratory gas, supplied in the inspiratory 
line (6), from the hand ventilator (40), the measured 

30 flow constituting a reference value for the control 
device (20, 22), and the gas reservoir (19) is 
enclosed in a hermetically sealed container (24) 
with a predetermined volume, the space between 
the bellows (18) and the outer wall of the container 

35 (24) forming a second gas reservoir (25), said con- 
tainer (24) being connected to the connecting line 
(10) downstream from the second check valve (34), 
the gas reservoir (19) being regulated so respira- 
tory gas flows from the gas reservoir (19) to the 

40 second gas reservoir (25) during inspiration and 
from the second reservoir (25) to the hand ventila- 
tor (40) and from the patient (4) to the gas reservoir 
(19) during expiration. 

45 5. An anaesthetic system according to claim 2, char- 
acterized by an anaesthetic gas reflector (76) con- 
nected between the source of fresh gas (82) and 
the connecting line (58), a third means (64) for con- 
trolling the flow of respiratory gas arranged in the 

so connecting line (58) downstream from the anaes- 
thetic reflector (76) and a gas release with an outlet 
valve (78) connected to the gas reservoir (71), the 
gas reservoir (71) releasing expired respiratory gas 
to the outlet valve (78) during inspiration, when the 

55 outlet valve (78) is open and regulated so it 
releases a volume of gas, corresponding to the vol- 
ume leaving the gas reservoir (71), and is filled with 
expired respiratory gas during expiration when the 
outlet valve (78) is closed. 
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An anaesthetic system according to claim 5, char- 
acterized in that the gas reservoir (71) and gas out- 
let are connected to the connecting line (58) via the 
anaesthetic gas reflector (76), expired respiratory 
gas being carried from the patient (52) to the gas 
reservoir (71) via the anaesthetic gas reflector (76) 
during expiration, and fresh gas is sent from the 
source of fresh gas (82) to the patient (52) via the 
anaesthetic gas reflector (76) during inspiration. 
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7. An anaesthetic system according to claim 5, char- 
acterized by a hand ventilator (84) connected to 
the inspiratory line (54), respiratory gas flowing 
from the hand ventilator (84) through the inspiratory 
line (54) to the patient (52) during inspiration, and a 15 
flow meter (88) arranged to measure the flow of 
respiratory gas from the hand ventilator (84), the 
measured flow serving as a reference value for the 
control device (90, 92), and the gas outlet is con- 
nected to the connecting line (58) via the anaes- 20 
thetic gas reflector (76), expired anaesthetic gas 
being carried from the gas reservoir (67) to the gas 
outlet via the anaesthetic gas reflector (76) during 
inspiration, and fresh respiratory gas is carried from 

the source of fresh gas (82) to the hand ventilator 25 
(84) during expiration. 

8. An anaesthetic system according to any of the 
claims 2 to 7, characterized in that the first means 
(14; 60) and the second means (34; 62) consist of so 
check valves. 

9. An anaesthetic system according to claim 5, char- 
acterized in that the third means (64) consists of a 
check valve. 35 

10. An anaesthetic system according to any of the 
claims 2 to 7, characterized in that the first means 
(14; 60) and the second means (34; 62) consist of 
fans. 40 

11. An anaesthetic system according to claim 5, char- 
acterized in that the third means (64) consists of a 
fan. 

45 

12. An anaesthetic system according to any of the 
above claims, characterized in that the reference 
value is based on one or a plurality of the parame- 
ters respiratory gas flow, respiratory gas pressure, 
respiratory volume and C0 2 production. 50 
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